In this study, the possible toxic effects of Alternariol Methyl Ether (AME) and Tenuazonic Acid (TeA) produced by Alternaria species on esophagu s of mice were investigated by using light and electron microscopy techniques. Mice were orally fed daily with AME or TeA for 10 months and at the end of this period, the effects of these chemicals on the esophagea l mucosa were determined. By light microscopi c examination, moderate and severe dysplasia characterized by loss of polarity, nuclear pleomorphism , and hyperchromasi a were observed in TeA-treated animals. Electron-microscopi c examination of TeA-treated mucosal epithelial cells revealed pyknosis in some nuclei, granulation and increase in chromatin mass, irregularities in the nuclear contours, vacuolization in nucleoplasms , and marked pleomorphism in the nuclei. In conclusion, our results suggested that TeA has higher toxicity as evidenced by dysplastic transformation.
INTRODUCTION
Mycotoxins are produced by fungi and have mutagenic, teratogenic, or carcinogenic in uences in man and animals. Additionally, mycotoxins might disturb immunological functions. Mycotoxins are usually food-borne toxins and have deleterious effects on human and animal health and cause important economical losses (15) .
One of the most commonly encountered yeasts in food poisoning are the members of Alternaria genus. In a 2-yearlong study, Logrieco and colleagues (12) collected grain samples from Mediterranean countries including Turkey; approximately 30 Alternaria species were identi ed in the samples. Sixteen of these Alternaria species were A. triticina and 14 were A. alternata. Alternaria species produce different mycotoxins such as Alternariol (AOH), Alternariol methyl ether (AME), Altenuen (ALT), and Tenuazonic acid (TeA). These substances are known to have toxic effects on cultures of human, animal, plant, and bacterial cells (2, 4, 5, 14) .
Mycotoxicosis is an important health problem in mild, humid, and temperate tropical and subtropical countries, because these temperatures favor the growth of Alternaria species on foodstuffs thus facilitating the consumption of the toxic products by humans and animals (10) . By inject-ing AOH, AME, and TeA into the yolk sac, Grif n et al (6) determined the in uence of the toxins on embryonic development. In these studies, TeA induced embryonal death, but the other toxins did not in uence embryonal development signi cantly.
In a study investigating the in uence of A. alternata extracts on human lymphocytes, it was noted that A. alternata suppressed nucleolar organizer region activity and either retarded or blocked the cellular proliferation cycle (3). Mutagenic effects of A. alternata were discovered in studies searching a possible relationship between A. alternata and esophageal cancers. Because of this mutagenic effect A. alternata is mentioned as a potential causative agent of esophageal cancers (11, 20) . Gupta et al (7) , studying the histopathological changes in the tissues of albino mice injected with Alternaria and Aspergillus metabolites, noticed massive hepatic necrosis, splenic hyperplasia and damage involving tubular and glomerular regions of kidney.
In this study, the in uence of AME and TeA Alternaria metabolites on esophageal mucosa was analysed using light and electron microscopy techniques.
MATERIALS AND METHODS
Alternaria toxins used in the study were extracted from modi ed Czapek-Dox buyyon cultures (13) . Identi cation of Alternaria toxins were carried out by thin-layer chromatography. Following the determination of the locations of toxins under the ultraviolet lights at 254-nm wavelength, absorbance 492 0192-6233/01$3.00 $0.00 values at 366 nm wavelength were measured with the help of a thin-layer uorodensitometer (CMAG Scanner II, CATS 3 program). The concentrations of toxins were calculated by comparing the absorbance values of test and standard samples (1) . Standards for AME and TeA were also used in the experiments. The standards were kindly supplied by M. E. Stack, Division of Microbiology and Contaminants Chemistry, Food and Drug Administration, Washington, DC and by L. M. Seitz and R. J. Cole, U.S.D.A. National Peanut Research Laboratory, Dawson, GA.
Forty 6-week-old male Swiss albino mice with average weight of 30 g were used in the study. The animals were divided into 4 groups and housed 10 in each cage according to the treatment group. Group 1 served as control animals. Groups 2 and 3 received AME at 50 and 100 mg/kg/day doses, respectively. Group 4 animals were given TeA at 25 mg/kg/day dose. The toxins were added into the drinking water. Dose adjustment of the toxins was made according to the amount of water consumed. First, the daily average water consumed by the animals was determined. Later, toxins at desired dosages were added into the drinking water and water bottles were changed each day.
The experiment was continued for 10 months. During the experimental period, the animals were weighed at the beginning of every month. The weighing was carried out in the mornings before the rst feeding of the day. Statistical analyses of the average weights of animals from different groups were performed with Student's t -test. During the experiments, animal care and all procedures were performed in compliance with "Guide for the Care and Use of Laboratory Animals" published by the National Institutes of Health.
For histological analysis, animals were sacri ced by cervical dislocation and the esophagi were removed immediately. The esophageal lumen was exposed by a vertical incision and the tissue was stained by lugol. Because malignant and premalignant lesions are negatively stained with lugol, tissue samples from lightly stained regions were collected separately for light and electron microscopy (9) . For light microscopy, samples were xed in 10% formalin. Standard paraf n embedding procedures were followed for these samples. Four-to 6-micron sections were prepared and stained with haematoxylin and eosin and examined under the microscope at various magni cations. The relative number of premalignant lesions were counted on collected tissues. The statistical analysis of the numbers of the lesions were carried out with the Mann-Whitney U -test.
Samples for electron microscopy were pretreated with 3% glutaraldehyde (pH 7.4) buffered with Sörensen's phosphate. Samples were then xed in 1% osmium tetroxide (OsO 4 ) buffered with Sörensen's phosphate at 4 C (8). For dehydration, samples were passed through a series of acetone and embedded in araldite. Thin and semithin sections from these blocks were prepared. Semithin sections were stained with toluidine blue as control samples. Thin sections were stained with uranyl acetate and lead citrate (16) .
Sections were analyzed under a Jeol 100-C transmission electron microscope and micrographs were obtained.
RESULTS
The weights of the animals were determined at the beginning of the experiment and during the study. Compared to control and 2nd group animals, animals in the 100-mg AME (3rd group) and 25-mg TeA (4th group) groups showed signi cant weight loss. A progressive reduction was observed both in water and food consumption of the animals in these groups. Weight loss was the most dramatic in the TeA group (Table 1) . Light microscopic examination of esophaguses obtained from control animals indicated that the mucosa were covered with slightly keratinized normal, stratifed epithelial cells (Figure 1) .
In 4 animals from the 50 mg AME group, structurally normal esophageal epithelia were noticed. In 6 animals, in the cells making up the lower third of the mucosa, a mild dysplasia characterized by pleomorphic nuclei and granulation in chromatin and an increase in nuclear/cytoplasmic ratio was noticed ( Figure 2 ). In 6 animals from the 100-mg AME group, a mild dysplasia was observed. The remaining 4 animals had moderate dysplasia. Moderate dysplasia is de ned as nuclear polymorphism, hyperchromasia, and an increase in nuclear/cytoplasmic ratio in only the lower two thirds of the epithelial layer ( Figure 3 ). Five animals from the TeA group showed moderate dysplasia. Five of the remaining animals from TeA group showed severe dysplasia characterized by hyperchromasia, loss of nuclear polarity, and an obvious pleomorphism in the nuclei of the cells covering all the surface (Figure 4 , Table 2 ). In none of the epithelia examined in this study was hyperplasia noticed.
In one animal from the TeA group, the esophagus in some regions was covered with simple columnar epithelial cells containing vacuoles in the cytoplasm. This structure was reminescent of Barrette esophagus. Thus, presence of mucus in these vacoules was investigated with periodic acid Schiff and alcian blue (pH 2.5) stainings with standard procedures. The results of these stainings showed that these vacuoles did not contain mucus. Consequently, the possibility of Barrette esophagus was ruled out. It is likely that the change of multilayer epithelium into single layer epithelium represents events secondary to in ammation.
The relative number of precursor lesions on esophageal mucosa from mycotoxin-fed mice was determined following the staining of the tissues. The results are shown at Table 3 . Accordingly, none of the control animals displayed precursor lesions on the esophageal mucosa, whereas on esophagus of AME and TeA fed animals a statistically signi cant number of lesions were noted. The highest number of lesions were present on TeA animals followed by the TOXICOLOGIC PATHOLOGY animals fed with 100 mg/kg/day of AME and 50 mg/kg/day of AME.
Electron microscopic examination of esophageal epithelia from control animals indicated that epithelial cells had a normal morphological appearance (data not shown). The cells preserved oval and strati ed structures. In animals from the second and third groups, the esophageal epithelia were similar to those of the control animals. Nuclear structures were similar to those of normal cells, and normal keratinization was noticed. In some regions there were intercellular spaces, and electron-dense particles were observed in the cytoplasm of some cells. Morphological changes in esophageal epithelial cells in TeA-fed animals were evident. Pyknotic appearance in some nuclei, chromatin granulation, and increase in chromatin mass were among these changes. Irregularities in the nuclear contours and partition in the nucleus were observed. Vacuolization in nucleoplasms and marked pleomorphism in the nucleus were evident (data not shown). 
DISCUSSION
In recent years, grain, vegetable, and fruit transportation have increased considerably, these processes usually take a long time. If food products are contaminated with yeasts, during the transportation there is a chance of yeast growth and contamination of food with mycotoxins. Consumption of the contaminated food by humans and animals poses signi cant health risks. Accordingly, pathological changes at cellular and tissue level induced by mycotoxins in this context and the toxicity of alternaria toxins were investigated. Liu et al (11) indicated that A. alternata had tumorogenic effects and argued that A. alternata contamination in regions where high esophageal cancer incidence is observed was higher than in the regions with low esophageal cancer incidence. Thus, the investigators had established a possible link between A. alternata and human esophageal cancers.
When consumed orally, A. arternata toxin TeA induces collapse in the cardiovascular system of mouse, rat, dog, and monkey (18) . Additionally, increase in salivary secretion, nausea, and deaths were observed in these animals. In young chickens, a 3-week oral administration of TeA at 1.25-1.50 mg/kg/day dose induced microscopic and macroscopic lesions in various tissues (4) . However, no deaths occurred in these animals (4) . Furthermore, weight loss and nutritional irregularities were also observed (4) . In this study, losses in average body weight in TeA-fed animals were signi cant as compared to the control animals. In another study, Sauer et al (17) observed that in young chickens and rats, AOH and AME were not toxic by themselves. However, when TeA was added to these toxins, deaths in these animals did occur (17) .
The present study support the thesis that AME has a less toxic effect on esophageal mucosa and, depending on the dose, histopathologica l changes of mild or moderate severity were induced by AME. However, in TeA-fed animals, severe dysplasia were observed.
In AME-and TeA-fed animals, eosophageal epithelium displayed an in ammatory response. It is argued that cytokines and free-oxygen radicals generated during in ammation might contribute to the development of dysplastic changes noticed in our study. Thus, it should be mentioned that in the occurrence of dysplastic changes on the esophageal epithelium, in ammatory reactions might have signi cant roles.
The relative number of precursor lesions on esophageal mucosa were also determined in each treatment groups. These studies have shown that the highest number of precursor lesions were present on TeA-fed animals. No lesions were noticed on the mucosa of negative control animals.
Even though a complete dose-response experiment was not undertaken, it is clear from the results that in animals fed 1  0  0  4  6  2  0  2  3  4  3  0  3  3  3  4  0  0  3  3  5  0  1  2  4  6  0  0  2  5  7  0  2  3  6  8  0  0  4  3  9  0  2  3  5  10  0  2  2  7 p < 0.004, compared to control animals. p < 0.003, compared to animals fed with AME 50 mg/kg/day. $ p < 0.007, compared to animals fed with AME 100 mg/kg/day. with a 50-mg/kg/day dose of AME, the severity of dysplasia was mild. In this group of animals, 4 mice did not exibit any pathological change at all. Whereas, in animals fed with AME at 100 mg/kg/day dose, the observed dysplasia was considered as ranging from mild to moderate. Furthermore, in this group, all animals, displayed dysplastic changes on their esophagus.
In another study, where Swiss albino rats were used, Gupta et al (7) showed that fungal metabolites induced massive hepatic necrosis and diffuse periportal fatty changes in most of the liver lobules, hyperplasia in the spleen, degeneration in the cortical and medullar tubuli, and swelling in the glomerular region of the kidney.
Investigating the mutagenic effects of Alternaria species isolated from grain samples in regions with high esophageal cancer incidance, Zhen et al (20) noticed changes in sister chromatids, spontanous chromosome breaks, inhibition in DNA synthesis, and unprogrammed DNA synthesis in lymphocytes. The researchers argued that mycotoxins produced by these yeasts had mutagenic and toxic effects on both prokaryotic and eukaryotic cells (20) . However, the group also indicated that to establish a de nitive link between Alternaria toxins and esophageal tumors, advanced studies on the subject were needed.
In another experimental study, rats were fed with pickled vegetables, moldy cornmeal, and fungi for more than 1 year. In 1 animal, adenocarcinoma in the stomach was noted; in another animal, hemagioendothelioma on the chest wall was found; and in 4 animals, brosarcoma on the liver was noticed (19) . Dysplasic lesions on esophagus and cardia epithelium were present. In the control animals, however, no tumor development was observed (19) .
The present study showed that in animals fed with mycotoxins for 10 months, precancerous changes were evident in esophageal mucosa.
These results indicate that in cases where exposure to mycotoxins occurs for longer periods of time, progression to esophageal cancer might occur.
